Clostridium chauvoei causes blackleg, a fatal disease of cattle, sheep, and other ruminants. Protective antigens against C. chauvoei have been shown to be present both on the cell wall (5, 7) and on the flagella (15, 17) . Chandler and Gulasekharam (5) reported that the protective antigenicity of this organism is not of flagellar origin, because a suspension of flagella did not produce the effective immune response, while deflagellated cells produced a high level of protective immunity. They concluded that the protective effect is due to a heat-labile, pH-sensitive, nonagglutinogenic somatic antigen. In contrast, we showed previously that the flagella of C. chauvoei are important for protective immunity in mice, because a preparation of partially purified flagella (PPF) showed a protective effect, while the protective antigenicity of nonflagellated mutants (NFM) was 100-fold less than that of the flagellated parental strain (17) . Further investigations are required to clarify these conflicting observations and to clarify the nature of protective mechanism induced by the flagella.
We report here on the characterization, specificity to flagella, and protective effect of monoclonal antibodies to flagella of C. chauvoei.
MATERIALS AND METHODS
Bacterial strains. The Okinawa strain of C. chauvoei used in this study is widely used for vaccine production and as a standard challenging strain in potency assays in Japan (2). NFM FN-42, which has been characterized previously (16) , was isolated from strain Okinawa by treatment with Nmethyl-N'-nitro-N-nitrosoguanidine. The The bacterial cells were cultured anaerobically in cysteine-liver infusion broth (2) without glucose at 37°C, and growth was terminated with Formalin during the late logarithmic phase. Formalin-fixed cells were washed three times with phosphate-buffered saline.
Preparation of PPF. PPF were prepared from strain Okinawa as described previously (17) . Briefly, the Formalinfixed cells were suspended in 0.1 M Tris buffer (pH 8.0) and the cell suspension was homogenized with a high-speed homogenizer to shear the flagella. Deflagellated cells were removed by centrifugation at 6,500 x g for 20 min, and the resulting supernatant was further centrifuged at 77,000 x g for 90 min. The per well). The wells were blocked with blocking buffer (1% bovine serum albumin in coating buffer), washed six times with physiological saline containing 0.05% Tween 20, and then incubated with 100 ,ul of culture supernatant or diluted ascites for 30 min at room temperature. After being washed, the wells were incubated with 100 pL1 of horseradish peroxidase (HRPO)-conjugated anti-mouse immunoglobulin G (IgG) (heavy plus light chain) goat serum (1:3,000 dilution in phosphate-buffered saline containing 5% fetal calf serumn and 0.05% Tween 20) (Bio-Rad Laboratories) for 30 min at room temperature. The wells were washed and incubated with 100 pu1 of substrate solution for 30 min at room temperature in the dark. O-Phenylenediamine was used as the substrate, and color development was terminated with 2 M H2SO4. The OD490 of each well was observed with the SJeia Auto Reader (Sanko Junyaku Co. Ltd.). Culture supernatant or mouse ascites induced by myeloma line P3-X63-Ag8-U1 was used as a control. The ELISA endpoint titer was expressed as the maximum dilution of monoclonal antibody that showed an OD490 of 0.3.
HRPO-labeled monoclonal antibody. The immunoglobulin fraction of the ascites was precipitated with 33.3% ammonium sulfate and dialyzed against 0.01 M sodium carbonate (pH 9.5). The dialyzed immunoglobulin was conjugated with HRPO by the method of Nakane and Kawaoi (13) . Briefly, 8 mg of immunoglobulin was mixed with 4 mg of HRPO, oxidized with 0.1 M sodium periodate, and incubated for 2 h at room temperature. After sodium borohydride solution was added, the mixture was allowed to stand at 4°C for 2 h and was then dialyzed against phosphate-buffered saline. Free HRPO was removed by gel filtration through a Sephadex G-25 column.
Competitive binding assay. The competitive binding assay was a modified ELISA. Limiting PPF antigen (3.125 jig of protein) was adsorbed to the wells. The competing antibody was incubated with the antigen for 4 h at room temperature and washed six times, and HRPO-labeled monoclonal antibody was added. The percentage of competition was determined by the formula 100(A -n)I(A -B), where A is the OD in the absence of competing antibody, B is the OD in the presence of homologous antibody, and n is the OD in the presence of competitor (8) . SDS-PAGE and immunoblotting assay. The PPF, strain Okinawa, and NFM preparations were solubilized in 62.5 mM Tris hydrochloride buffer (pH 6.8) containing 2-mercaptoethanol (2%), urea (0.5 M), sodium dodecyl sulfate (SDS) (2%), glycerol (10%), and bromphenol blue (0.002%). SDS-polyacrylamide gel electrophoresis (PAGE) was performed with 10% slab gels by the method of Laemmli (9 Reactivity of monoclonal antibodies against various clostridia. Monoclonal antibodies were characterized further to assess their reactivity with whole cells of various clostridia (Table 3 ). All monoclonal antibodies, which were identified to have specificity for the flagella, reacted with all three strains of C. chauvoei; furthermore, Mo-2-60 reacted with C. septicum, Mo-114 reacted with C. septicum, C. novyi, C. sporogenes, C. tetani, and C. botulinum. No monoclonal antibody reacted with the nonflagellated organism C, perfringens.
Passive protection in mice. The protective effects of the monoclonal antibodies against mouse mortality are summarized in Table 4 . When mice were given antibodies intraperitoneally and then challenged intramuscularly with spores of Competitive binding assay. A competitive binding assay was performed to ascertain whether the three monoclonal antibodies which showed the protective effects were directed against structurally overlapping or nonoverlapping antigenic determinants. Monoclonal antibody Mo-41 was conjugated to HRPO and was used for the competitive binding assay. HRPO-Mo-41 was blocked by homologous, Mo-62, and Mo-90 antibodies (Fig. 3) , whereas the other two monoclonal antibodies, Mo-114 and Mo-2-60, did not block HRPO-Mo-41.
DISCUSSION
The present study showed that three monoclonal antibodies, Mo-41, Mo-62, and Mo-90, have protective effects against mortality in mice. The epitopes recognized by these three monoclonal antibodies were revealed by microplate ELISA and Western blot to be present on flagella of C. chauvoei; i.e., these monoclonal antibodies reacted with the flagellar protein of PPF and the flagellated parent strain, but did not react with the NFM strain in either assay. We suggested previously that the flagella of C. chauvoei play an important role in the induction of immune resistance in mice (17) (17) , and at least three weak bands ranging in molecular weight from 120,000 to 200,000. These proteins were derived from flagella of C. chauvoei, because they were detected in PPF and the parental strain but not in the NFM strain. The possibility that these higher-molecular-weight bands are a polymeric form of the 56,000-molecular-weight protein should be considered. Further investigations are required to differentiate these proteins.
In ELISA reactivity study of various clostridia, the five monoclonal antibodies which were demonstrated to have specificity for the flagella of C. chauvoei showed three reactivity patterns. Mo-2-60 reacted to C. chauvoei and C. septicum; Mo-114 reacted to C. chauvoei, C. septicum, C. novyi, C. sporogenes, C. tetani, and C. botulinum. However, Mo-41, Mo-62, and Mo-90, which had a protective effect on mice, showed specific reactivity to C. chauvoei. To ascertain whether the three protective monoclonal antibodies reacted with the same epitope, a competitive binding assay was performed. When Mo-41 was conjugated to HRPO, competition was observed among Mo-41, Mo-62, and Mo-90, indicating that their epitopes are identical or topographically overlap. In contrast, the Mo-114 and Mo-2-60 epitopes are obviously located in a position apart from the Mo-41 site, since there was no inhibition. These results suggest that the flagella of C. chauvoei possess at least three epitopes, of which the species-specific one (or a topographically or conformationally related one) may participate in conferring protection.
Flagella have been reported to be virulence factors in Vibrio cholerae (1, 21), Salmonella typhimurium (3, 20) , Pseudomonas aeruginosa (11) , and Campylobacter jejuni (12, 14) . Immunization with the flagella of V. cholerae decreased the number of bacteria attached to the mucosa of challenged animals (6, 22) . Our previous report suggested that in for C. chauvoei, the antiflagellar polyclonal antibodies exert their effect by opsonic function and that opsonized C. chauvoei is eliminated more by polymorphonuclear leucocytes than by macrophages (18; Y. Tamura and M. Tanaka, Vet. Microbiol., in press). Further studies on the protective mechanism that involve the use of these antiflagellar monoclonal antibodies are necessary to confirm this speculation.
